, the concentrations were less than 0.3±0.2 pCi/mL in 3 of 20 samples, whereas, in 1983-88, 17 of 23 samples contained less than 0.3±0.2 pCi/mL of tritium; the minimum detectable concentration is 0.2 pCi/mL. On the basis of these findings, aqueous waste disposal of tritium at the INEL has had no measurable effect on tritium concentrations in the springflow discharging from the Snake River Plain aquifer and in the Snake River near Buhl. This conclusion is supported by the distribution of tritium in the Snake River Plain aquifer as delineated by Pittman and others 
INTRODUCTION
In 1988, ground-water discharge along the north side of the Snake River between Milner and King Hill ( fig. 1 ) was about 4.3 million acre-ft (L.C. Kjelstrom, U.S. Geological Survey, oral commun., 1989) . Part of the ground water is discharged to springs near the channel of the Snake River and part is discharged directly to the river channel. The flow of the springs is an important source of water for irrigated agriculture, commercial fisheries, hydroelectric-power generation, recreation, and fish and wildlife. The springflow is ground-water outflow from the Snake River Plain aquifer that underlies the eastern part of the Snake River Plain, an area of about 10,800 mi 2 in southeastern Idaho ( fig. 1) .
Because of the importance of the springflow to local and downstream users, there is concern that tritium and other waste constituents generated and disposed of at the INEL (Idaho National Engineering Laboratory) have migrated or may migrate from the INEL to the Snake River. Tritium is a naturally occurring radioisotope of hydrogen and has a half-life of 12.26 years. It is naturally produced by reaction of cosmic ray neutrons with nitrogen in the upper atmosphere. Tritium is also a radioactive waste product from nuclear power plants and from fuel-processing and weaponsproduction activities. Tritium is the most mobile constituent in wastewater at the INEL, and since disposal began in 1952, has migrated about 9 mi south of the points of disposal (Pittman and others, 1988) . From 1952 From to 1988 Ci of tritium were contained in wastewater disposed to deep wells and infiltration ponds at the INEL.
To determine whether the disposal of tritium in wastewater at the INEL has had a measurable effect on tritium concentrations in springflow discharged from the Snake River Plain aquifer to the Snake River, water samples from 19 springs were collected and analyzed for tritium. In to 25 ft (Mundorff and others, 1964, p. 143) . The sedimentary deposits consist mainly of lenticular beds of sand, silt, and clay with lesser ./A amounts of gravel. Locally, rhyolitic lava flows and tuffs are exposed at the land surface or occur at depth. The basaltic lava flows and intercalated sedimentary deposits combine to form the Snake River Plain aquifer, which is the main source of ground water on the plain.
The Snake River Plain aquifer is recharged by the infiltration of precipitation and irrigation water, and by underflow from tributary valleys on the perimeter of the plain. Water recharged to the aquifer generally moves to the southwest along the axis of the plain and is discharged to springs along the Snake River.
In 1980, about 1.33 million acres of land were irrigated on the eastern Snake River Plain (Garabedian, 1986, p. 7) . About 8.3 million acre-ft of water were diverted from the Snake River and its tributaries for irrigation. 
METHODS AND QUALITY ASSURANCE
The methodology used to collect water samples for tritium analyses generally followed guidelines established by the U.S. Geological Survey (Wood, 1976; Thatcher and others, 1977; and Skougstad and others, 1979) .
Slight modifications have been incorporated into the sampling procedures for tritium resulting from recommendations of the Radiological and Environmental
Sciences Laboratory. Sampling methods used in the field and quality assurance practices are outlined in the following sections.
Sample Collection
Water samples for tritium analyses were collected in 500-mL (milliliter) polyethylene bottles and were not treated prior or subsequent to being bottled in the field. Water from the springs was collected as close as reasonably possible to the spring orifices. Some springs had multiple orifices or the springflow was diverted for use by fish hatcheries. Where possible, the samples were collected upstream from diversions.
A 500-mL polyethylene bottle was lowered by hand in the area of the orifice or in the channel downstream from the orifice(s); where flow was channeled, care was taken to sample moving water instead of water in eddies and ponded areas. The bottle was rinsed at least three times with springwater prior to sample collection. The bottle was capped immediately, and the exterior dried; laboratory film was placed around the cap and a label, which included identification information for the sample, was attached to the bottle.
Duplicate samples were collected at each site so that a second sample was available in the event that the first sample was destroyed inadvertently during transport or storage. The samples were placed in a secured vehicle or in the U.S. Geological Survey Project Office at the INEL until they were hand delivered to the analyzing laboratory on November 14, 1988 and March 24, 1989 , 2 to 7 days after collection.
Physical conditions at the springs during sample collection were recorded in a field logbook and a chain-of-custody record was used to track samples from the time of collection until delivery to the analyzing laboratory. These records are available for inspection at the U.S.
Geological Survey Project Office at the INEL.
Analytical Methods
Springflow samples were analyzed for tritium by the Radiological and Environmental Sciences Laboratory by means of the direct liquid scintillation counting method described by Bodnar and Percival (1982) . This method is applicable for the determination of tritium introduced artificially into water by nuclear power and waste-disposal facilities, but is not sufficiently sensitive to determine small natural tritium concentrations. 
Reporting of Data
For each tritium concentration, an associated analytical uncertainty, s, is calculated such that there is a 67 percent probability that the true tritium concentration in a sample is in the range of the reported concentration plus or minus the analytical uncertainty; analytical uncertainties for analysis by the U.S. Environmental Protection Agency and those reported by Hawkins and Schmalz (1965) are given as 2s (see section entitled "Tritium in flow from selected springs and the Snake River"). For example, given an analytical result of 1.010.2 pCi/mL, there is a 67 percent probability that the true concentration is in the range of 0.8 to 1.2 pCi/mL; at 2s or 1.0±0.4 pCi/mL, there is a 95 percent probability that the true concentration is in the range of 0.6 to 1.4 pCi/mL. The following guidelines for interpreting analytical results are based on an extension of the method described by Currie (1968) .
In the analysis for tritium, laboratory measurements are made on a target sample and a prepared blank. Instrument signals for the sample and the blank vary randomly. Therefore, it is essential to distinguish between two key aspects of the problem of detection: (1) The instrument signal for the sample must be greater than the signal observed for the blank to make the decision that tritium was detected; and (2) an estimation must be made of the minimum concentration that will yield a sufficiently large observed signal to make the correct decision for detection or nondetection of tritium most of the time. The first aspect of the problem is a qualitative decision based on an observed signal and a definite criterion for detection. The second aspect of the problem is an intuitive estimation of the detection capabilities of a given measurement process.
In the laboratory, instrument signals must exceed a critical level to make the qualitative decision whether tritium was detected. Tritium concentrations that equal 1.6s meet this criterion; at 1.6s, there is a 95 percent probability that the correct decision--not detected--will be made.
Given a large number of samples, up to 5 percent of the samples with measured concentrations greater than or equal to 1.6s, which were concluded as being detected, might not contain tritium. These measurements are referred to as false positives and are errors of the first kind in hypothesis testing.
Once the critical level of 1.6s has been defined, the minimum detectable concentration may be established. Tritium concentrations that equal 3s represent a measurement at the minimum detectable concentration. For true concentrations of 3s or greater, there is a 95 percent or more probability of correctly concluding that tritium was detected in a sample. Given a large number of samples, up to 5 percent of the samples with true concentrations greater than or equal to 3s, which were concluded as being nondetected, could contain tritium at the minimum detectable concentration.
These measurements are referred to as false negatives and are errors of the second kind in hypothesis testing.
True tritium concentrations between 1.6s and 3s have larger errors of the second kind. That is, there is a greater than 5 percent probability of false negative results for samples with true concentrations between 1.6s and 3s and, although tritium might have been detected, such detection may not be considered reliable; at 1.6s, the probability of a false negative is about 50 percent.
These guidelines are based on counting statistics alone and do not include systematic or random errors inherent in laboratory procedures. The values, 1.6s and 3s, vary slightly with background or blank counts, and with the number of gross counts for individual analyses. The use of the critical level and minimum detectable concentration aid the reader in the interpretation of analytical results and do not represent absolute concentrations of radioactivity which may or may not have been detected.
TRITIUM IN FLOW FROM SELECTED SPRINGS AND IN THE SNAKE RIVER
Tritium is a naturally occurring isotope of hydrogen with a 12.26 year half-life. Tritium is produced by reaction of cosmic ray neutrons with nitrogen in the upper atmosphere. It is also a radioactive waste product from nuclear power plants, fuel processing, and weapons production activities. Prior to atmospheric weapons tests, the average background tritium concentration in environmental waters due to natural tritium production by cosmic rays was less than 0.016 pCi/mL (National Council on Snake River near Buhl, contained 0.2±0.2 pCi/mL or less of tritium. Given these facts and the distribution and concentrations of tritium at the INEL as described by Pittman and others (1988) , aqueous waste disposal of tritium at the INEL has had no measurable effect on the concentration of tritium in springflow discharging from the Snake River Plain aquifer in the Twin FallsHagerman area or in the Snake River near Buhl. 
